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introduction 

The developments in irrigation g^riculture in the arid West have caused 
many changes to be made in the method of delivering water to canals 
and to individual irrigators. The value of water increases with the 
increase of irrigated acre^e, and the long-accepted practice of fixing the 
charges for water on a per-acre-per-annum basis is rapidly losing ground 
in favor of chaises based on the volume of water delivered. When irri- 
gators pay according to the amounts of water used, there is every incen- 
tive for them to study the water requirements of their crops and to use 
the least quantities they judge to be necessary. This leads to a proper 
economy in the use of water, permits a greater acreage to be irrigated 
with the available water supply, and conserves the land. 

The transition from a flat rate to a rate based on the water actually 
used is calling for a better knowledge of the accuracy and practicability 
of existing measuring devices as well as the development of new devices. 
The wdr is generally considered an accurate device for measuring water, 
and it doubtless is such, provided it is properly installed and the correct 
formula is used for determining ^e discharge through the notch. Weirs 
constitute a Ikrge proportion of roe devices in use for measuring irriga- 
flon water at the present time, being principally of the rectangular notch 

* This pq)er is based on aiwriniaits in the hydraulic laboratory at Fort Collins, Colo., iffldCT 

agreement between the Office of Experiment Statkos of the United States Department ot 
and the Colorado iLgrkultural Experiment Station. 
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Most of .the wdrs in us^ j 


or Francis type, and the Qpolletti type, 
notches with crest lengths of 4 feet or less, being such as 
the delivery of water for farm units. Unfortunately, owin 
the confusion of the statements contained in the literature 
various standards of dimendons have been used in the con 
the weirs now in use. This lack of uniformity results in mativ 
measurements. ' ^ ^ 

The basic experiments with notches" having thin edges and M 
tracUons were made by James B. Francis (5)1 from 1848 to 1852 tT' 
have subsequently been enlai^ upon by several experimenters ^ 
mathematicians. Francis made three series of experiments with 
tangular-notch weirs, but the discharges were measured directly in oT 
one series (5, p. 75-76). In each of the two other series an equal flow 
of water was made to pass through notches of different lengths, the crest 
lengths and the heads being noted. In the experiments, where the dis- 
charges were measured volumel^cally, only notches of approximately 8^ 
and io*foot lengths were used, and the heads ranged from only 7 to 19 
inches (5, p. 122-125). Most of the experiments were made with the 
lo-foot notch, as they were to be applied directly to the measurement 
of water for power purposes. Frands stated (5, p. 133) that the formula 
which he derived would apply to heads ranging from 6 to 24 inches, but 
in no case was it to be used either for heads exceeding one-third the 
length of the crest or for very small heads. With these limitations the 
formula can not be used for weirs having crest lengths of less than 1.5 
feet nor for heads exceeding 2 feet. For a 1.5-foot crest the formula can 
be used only for a 0.5-foot head. Horton states (7) that the Frands 
data and formula will hold for beads from 0.5 foot to 4 feet. Frands’s 
experiments were very carefully and conscientiously made, but were 
with longer notches and greater volumes of water than are usually 
needed in delivering water to irrigators. The Francis formula is fre- 
quently used, however, without regard to the limits which he impo^ 
upon it, and it is not uncommem to see tables computed from it that give 
daefaarges for heauds as low as aoi foot, with heads as high as r foot for 
a crest length of 1 foot, and for mst lengths varying from 0.5 foot to 

The most popular weir notch has been the trapezoidal type with side 

slopes of one horizontal to four verti^ ^ Kh 

the fbnnula deduced by the Italian engineer 
tbe kka d automaticaUy eHnnmtiiig the coiwtion ^ 

neceaaaiy with the rectangular notches and thus o ap length 
JSS dischaige through which would ‘“/Ltfl 

of the crest and free from error in ^ “"meltcTbyamath^ 
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He obtained the values for the coefficient and exponent by examining 
jttancis’s experimental data and increasing Francis’s coefficient value 
^mewbat arbitrarily by i per cent. He also made a few experiments, 
but stated that h^ formula was subject to the limitations imposed by 
Fiands; consequently the e^ension of the range of application of the 
fonnula has been an excursion into unexplored territory. The notch 
deagned by Cipolletti was intended to measure a minimum discharge of 
150 liters (5.3 cubic feet) per second and a maximum discharge of 300 
liters (10.6 cubic feet) per second, thus further restricting the use of the 
apolletti formula to notches having crest lengths of not less than 3 feet 
nor more than 8 feet. 

There is great practical need in irrigation practice for weirs with small 
notches and for measurements with small depths of water over the crests 
of the notches. It also is important to know that the discharge for- 
mulas are correct, as many other forms of measuring devices are com- 
monly calibrated by being hitched in tandem with the weir. For these 
reasons it was deemed advisable to conduct a series of experiments with 
notches having thin edges and full contractions (i) to determine whether 
the Frands and Cipolletti formulas hold for notches of the sizes ordi- 
narily used in irrigation practice and (2), in case the old formulas did not 
hpld, to derive new formulas. 

LABORATORY EQUIPMENT AND METHODS 

The hydraulic laboratory at Fort Collins was built in 1 91 2-13, under 
a cooperative agreement between the Office of Experiment Stations, 
United States Department of Agriculture, and the Colorado Agricul- 
tural Experiment Station, and is designed for research work in hydraulics, 
espedally gravity flow.^ With the exception of the building, which 
is of brick, the laboratory is constructed almost entirely of concrete 
and metal to give it rigidity, permanency, and water-tightness. All 
water faces of concrete are covered with a 3 to i cement-plaster coat 
three-dghths of an inch thick. Tests have shown the seepage losses 
to be negligible. The plan and a sectional elevation of the laboratory 
are shown in figure i. The circular storage reservoir has a top diameter 
of 87 feet, dde slopes of i to i , and is 6 feet deep. The headrace connect- 
ing it with the wdr box is approximately 60 feet long, 4 feet deep, and 
6 feet wide for the first 15 feel^elow the head gates and then expands 
to 6 feet deep and 10 feet wi^ at the wdr box. The wdr box is 20 
feet long, 10 feet wide, and 6 feet deep, and has a heavy T-iron frame 
approximately 3 feet high and 6 feet long in its bulkhead wall. This 
hsane is surfaced, bored for f^-inch bolts, and so arranged that the plates 
containing or forming the notches or orifices and other measuring 
devices requiring a vertical position can be adjusted accurately for 
^^^Periments. The joints between the plates and the frame are made 


'Pot* ^oou^lctedescriptioa ol the hydraulic laboratwy. see an 


earlier article by the writer (4). 
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water-tight by flat rubber ga*6ts. The water passing through tb 
notches or orifices faUs into a concrete spill box 4 feet deep, 10 feet 
and 9 feet long, which is connected with an auxiliary or waste reset’ 




kl elevationa oi tte I^Jrt Collins Bydrawlic 
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^te for the openings. The calibrated tanks and the wasteways on 
the weir box as weU as the spill box are connected with the waste reser 
voir, from which the water can be returned to the storage reservoir 
by either a i2-inch or a 5-mch horizontal centrifugal pump driven bv 
electricity. The floors of the calibrated tanks and the waste reservoir 
ate 19 feet lower than the coping of the storage reservoir. 


Some of the means used to secure accuracy in the experiments are 
as follows: The laboratory is so arranged that the centers of the storage 
reservoir, the headrace, the frame in the end of the weir box, and the 
channel from the spill box to the calibrated tanks all lie in the same 
straight Kne; thus permitting the water to approach and leave the device 
under experiment in a straight line. 

the three head gates between the storage reservoir and the head^ 
iace*~6, 12, and i8 inches in diameter, respectively— permit a fairly 
accurate regulation of the water entering the weir box. 

Immediately below the head gates a series of two horizontal and 
two vertical baffles breaks up the eddy currents and reduces pulsations 
and wave action to such an extent that the water, before entering the 
weir box, is ia a pondlike condition. 


In one side of the weir box, about 15 feet upstream from the bulkhead, 
is an overpour ^illway which resembles a door 2 feet high and 3 feet 
long hinged at the bottom. The top of this spillway when in an upright 
portion is slightly below the top of the weir box. Aprons of oiled 
canvas attached to the sides of the weir box and to the face of the door 
prevent leakage and compel the water to pass over the crest of the 
spillway. A 4-inch gate valve placed at the side of the spillway permits 
a still more careful regulation of the depth of the water in the weir box. 
Both the spillway and the gate valve can be adjusted by the hook-gauge 
observer on the opposite side of the weir box by means of screw controls 
operated by handwheels placed on the ends of long rods. By always 
having some water running over the spillway it was possible to keep 
the head upon the device under test constant throughout the duration of 
the experiment, usually from 20 to 40 minutes, depending upon the 
volume of water bdng run. 

The elevations of the water in the weir box and the spill box are 
observed in concrete gauge boxes built on the outside walls of the re- 
spective boxes. These gauge fbxes are i foot by 2 feet by 4 feet deep, 
inside dimensions, and the water enters each of them through four 
irinch pipes. The gauge box for the weir box is located 10 feet upstream, 
^d tlmt for the spill box 7 feet downstream from the bulkhead. The 
pipes leading to the latter, however, take water from the spill box at a 
point only 3^ feet downstream from the plane of the weir. Each gauge 
ijox is equipped with an dectric drop light and a Boyden hook gauge 
anchored in the concrete wall, and readings of the water level can be 
^etoo.ooiofafoot. 



*056 Journal of Agriculiwal lte.Knr.f, 

I ~ 

In order to refer the elevation of the crest of n,^ ^ 

mented with to a reading of the weir-box hook gauge ?o 1? 

legs Md the hook can be adjusted so as to may. * 1 ,. ®ds of tijj 
top of the plate to the groove in the legs t t tfe 

ronrthetopof theplatetothepointof tkh^\^rV° 

legs on the erpst nf m* »_j - fasting fi,. , 


.uc top 01 me Plate to the point of the hook Bv rV “ 
legs on the crest of the notch and adjusting the pw 

I»aPon with a sen 

K V V. s»tive level ti, 

\ ‘°‘'-®^eelevatln 

^ forest of tie 

die 

to 

ll “ookg'auge. Siaceit 

0 . possible to main. 

the water level in 
the weir box quite ac. 
lSsv curately, the hook^ 

gauge reading in the 

^r-box gauge box 

It correspond 

UA elevation 

j peated determina* 
dons of this nature 
indicated a high de- 
grce of accuracy. 

I In order to avoid 

• the fluctuating condi- 

Flo. I.~t>cvkc OMd iD nImiBf dentiom of Oie notclL cmt to th« dons of the 6ow 

tests are being started or stopped^ means had to be provided for quickly 
tnnxing the flow into the channel to ^be calibrated tanks when the 
desired amditions for the test bad been obtained. This is accom- 


p hsb e d by means of the double ^beu gate used to close the two 22-uich 
ctteolar t^enings in the spill box. The lever arm of this gate is 8 feet 
the disk is seated by means of steel shear springs, and the gate is 
pcwtive and instantaneous in action. When the gate handle reaches 
midpoint of its tiring, it strikes a gong, which is a signal to the hook* 
gai^ t^bserm to start or stop the stop watch used in recording the 
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duration of the experiments. The error in time in operating the shear 
gate and the ^op wayteh is only a small fraction of a second. 

The calibrated, tanks cover an area 55 feet square, divided by 12-inch 
vertical-sided concrete walls into one tank 27 by 55 feet, two tanks each 
by 27 feet, and a channel 6 by 27 feet, which is connected with each 
^ by a 14-inch circular orifice placed on the floor line and controlled 
by a gate. The tanks are feet deep. Their floors are all at the 
s^e elevation, and they have a combined capacity of more than 22,000 
cubic feet available for experimental purposes. The tanks have been 
carefully calibrated, corrections having been made for all irregularities, 
gate openings, rods, etc., and tables have been prepared giving the 
capacity at each 0.001 foot m elevation. A brass rod i inch in diameter 
and 9 feet long was placed in a vertical position near one comer in each 
calibrated tank, being held out from the wall about 6 inches by iron 
brackets set in the concrete (fig. 3). Holes drilled in these rods at 
carefully measured intervals of about 18 inches serve as datum pomts 
when the quantity of water in the tanks is being measured. The eleva- 
tion of the water in the tanks is determined to 0.001 foot by means of a 
hook gauge having fixed to its back a heavy clamp provided \rith a pin 
which fits snugly into the holes in the rod. A steel ladder was placed 
adjacent to the brass standard rods in each tank and anchored to the 
concrete. The platform shown in figure 3 is 20 by 24 inches and can be 
lowered close to the water surface and secured to any of the ladders by 
means of hooks. The funnel-shaped arrangement attached to the plat- 
form has a hole in the bottom and can be adjusted so as to form a 

stilling basin for the hook gauge. With the water levels at the beginning 
and the end of the experiment determined by means of the standard 
rod and hook gauge, the volume run during the experiment can be 
determined readily from the calibration tables. 

Unless otherwise stated, the experiments recorded in this publication 
were made with notches the edges of which were one-sixteenth inch or 
less in thickness. The notch plates used were constructed either entirely 
of brass or of steel with brass notch edges. The crests and sides of the 
notches were dressed to true angles and straight lines, and by means of a 
micrometer caliper were calibrated to an allowable divergence of 0.002 
inch from a straight line. The triangular notches were dressed to tem- 
plates. The plate containing 'the notch under observation was placed 
in a vertical position in the T frame in the bulkhead of the weir box, 
and the crests of rectangular and CipoUetU notches were leveled to 
within o.ooi foot by means of a 1 2-inch steel-frame level, upon which a 
bubble diviaon indicated a variation of 0.0004 foot for a length of i foot. 
The inner face of the bulkhead was flush with the crest of the notch. 
The triangular notch plates were placed so that a vertical line would 
hisect the angle formed by the sides of the notch. In all the experi- 



ios8 Journal of Agric«ltw<a Research ^ 

ments except those upon the effect of contraction (p. 109,) thebotton 
the weir box was approximately 4>^ feet below th^ crests of the notches 
and the sides of the weir box were 3 to feet from the ends of the oests! 

depending upon the size of the notches. In ail the etperiments the flow 
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repeated tmtil such agreement was obtained. It is not claimed that 
jl^bitrary rule insures the accuracy of results of the individual tests, 
but it did lead to the detection of irregularities in the working conditions 
jijjd increased the probability of accuracy. Comparatively few tests 
jjad to be rerun, which indicates the stability of the experimental tests 
and the nice control of the heads made possible by the head gates, 
wasteways, and baffles. 

The heads and the corresponding discharges obtained were plotted 
for the various notches. The curves were then drawn which b^t rep- 
resented the discharges through the different notches, the plottings 
being made upon such a scale that discharge values could be read from 
the curves to three decimal places. 

The following method was used in smoothing the curves and obtain- 
ing the values for C in the general formula 0 = CLH“: 

Discharge values were taken from the curves for each 0.05 foot head, 
and the slope was determined for each straight line connecting pairs of 
points. The slope for each point was first taken as the average between 
the slopes of the two stnught lines to which it was common ; then, calling 
the point in question b, the point for the next 0.05 foot head above, a, 
and that bdow, c, the slopes were given a second smoothing by the 

equation “ft; and a third smoothing was obtained by substi- 


tuting the values obtained by the second smoothing in the equa- 

.... t i_ .. 

These values were plotted, and the equation 


.. o + aft+oc -|-2d + e 
tion — =c. 


of the resulting curve was used to compute the last smoothing of the 
slopes. Substituting these computed values for n in the general formula 
Q-CLH^, the corresponding value of C was obtained for each head. 


EXPERIMENTS WITH NOTCHES HAVING FREE FLOW 


DEDUCTIONS OF FORMULAS FOR RECTANGULAR AND TRAPEZOIDAL 
notches 

The general type of formula heretofore used for discharges through 
rectangular and trapezoidal notches is 0 = CL//”, in which L is length of 
crest, H the head of water over the crest, and C and n are constant for 
each type of weir. Expressed logarithmically, the general formula be- 
comes log 0 -log C+log L + n log H, which equation, when plotted, 
l^ves a straight line whose slope is n and whose intercept is log C + log L. 

The data obtained for the rectangular and Cipolletti notches, when 
plotted logarithmically, gave curves instead of straight lines. It was 
found, however, that a general straight-line equation could be deduced 
for the discharges through the rectangular notches, which, within the 
of the experiments, would give discharges as close to the experi- 
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mental data as would the genera! curve equation. Xhe 
data indicate, however, that the general curve equation woSdh"!!!®^ 
for a greater range of notch lengths and heads than would th ° 
straight-line equaUon. Table I, for the apolletti notches rivM 
charge values for the different heads as read from the curve th ™ * 
mental discharge values (observed discharges) at greatest varian”^^ 
the curve discharge values, and the values of the exponents n aniT 
dents C necessary in the Cipolletti formula to give the dischar?^ 

tained in the experiments. The values of n and C in the table sh^ tS! 

the discharges fo| any notch, if plotted logatithmically, would not rive ! 
straight line, since neither the «’s nor the C’s ate constant. A comoari 
son of the curve discharge values and the observed discharges in 
table also serves to indicate the accuracy of the experimental data 
The variations of the n’s and C’s also hold for the rectangular notches 
but are not so pronounced as in the case of the Cipolletti notches, since 
the discharge ctirves for rectangular notches are flatter. 



IHscharges tkro%tgh CipolleUi notches, and the exponents and coefficients necessary in xising the Cipollettifi 
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RBCTANGUI^AR NOTCHES 

^ith rectangular notches 226 tests were made, the actual crest lengths 
used being 0.50721 foot, 1.0055 feet, 1.5026 feet, 2.0057 feet, 2.9970 feet, 
and 4.0065 feet. These actual lengths were used in all computations 
connected with the derivation of the formula. 

Derivation or the Formula 

The discharge values for 0.05-foot increments of head, taken from the 
Qurves plotted from the experimental data, were used in the following 
deductions, thereby eliminating to a large extent the experimental 



Fro. 5.— Curve dnowint the relatka between a in the equation Q^aL—b and the heads on rectangular 
notches. 


irregularities. The discharge values for the different notches were 
plotted (fig. with the len^s of crests (L) as abscissas, and the dis- 
^^barges iQ) as ordinates. A straight line was then drawn for each head 
by pasring it throi^h the points representing the discharges over the 3- 
and 4-foot crests with the given head. The equations of these straight 
lines were found to be of the form Q=aL-b. 

The slopes (o) of the lines were computed from the coordinates of the 
^l*liarge values with the 3- and 4-foot crests. The relations between 
the heads (H) and the slopes (o) in the above formula were plotted (fig. 
5) and gave a curve the equation for which was found to be 0=3.247^’ • 
The relations between the heads (H) and the intercepts (i>) in the 
equation Q~aL-b are drown in figure 6. The equation for the curve 
found to be 6=0.283!? 
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1 

The offsets from each of the strwght lines in figure 4 to the po* 
resenting the discharges with the head for which the line 
were tabulated, and an expression for the offsets was detei^^ a 
0 . 2 B 31 P-’ ^edtobe 

Substituting the values of a and 6 in the equation form Q^aL~^h 
making a correction for the offsets from the straight lines, the fo 
for the rectangular notches was found to be ^ 


Table II gives the discharge values for the rectangular notches of dif. 
ferent lengths computed by this formula. This formula gives discharge 



values wi thio marimum of approximately 1.2 per cent of the values icdi* 
cated on the curves plotted from the experimental data, but the av«- 
age variation is only 0.28 p^ cent. Table V compares the values indi- 
cated on the curves plotted from the experimental data and values com- 
puted with formulas. 

Tabu II.-Dwdfcorjw {in cubic fcti p*r second) through rectangular weir notches ' 
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liBlS n.— Discharges (»« cubic feel per second) through rectangular weir notches— Coa, 


‘ Head. 

i 4 oot crest 

iK-foot crest. 

2-foot aest. 

3-foot crest. 

4-fciot crest, 

fed. 

Indies . 

3 , 

0.404 

0. 609 

0. 817 

I. 23 

I. 65 


3H 

.428 

. 646 

•865 

1-31 

I’ 75 

.37 

3 )i 

;,452 

. 682 

.9x4 

1.38 

1.85 

.38 


•477 

. 720 

•965 

1. 46 

I- 95 

.39 

sH 

. 502 

•758 

1.02 

I- S 3 

2. 05 


sH 

•527 

.796 

I. 07 

1. 61 

2. 16 

.31 

sH 

•553 

.836 

1. 12 

1. 69 

2. 27 

.32 


.580 

. 876 

1. 18 

1. 77 

2-37 

•33 

■ i- 

. 606 

.916 

I. 23 

1.86 

2.48 

•34 

.634 

•957 

I. 28 

1. 94 

2. ^ 

•35 

4A 

e 66 l 

•999 

I- 34 

2. 02 

2. 71 

.36 

4A 

.688 

1. 04 

I. 40 

2. ir 

2. 82 

•37 

4 tV 

.717 

1, 08 

1. 45 

2. 20 

2.94 

•38 

4 A 

•745 

I- 13 

I- 51 

2. 28 

3.06 

•39 

4 ii 

•774 

1.17 

I- 57 

2-37 

3- 18 

.40 

- 4 if 

. 804 

1. 21 

1.63 

2. 46 

3 - 30 

.41 

5 * 

•833 

I. 26 

I. 69 

2. 55 

3 - 42 

.43 

.863 

1.30 

I- 75 

2. 65 

3 - 54 

•43 

sA 

•893 

1.35 

1. 81 

2.74 

3 * 67 

.44 

■sK 

.924 

1. 40 

1.88 

2.83 

3.80 

-45 

5 ^ 

•955 

1.44 

1. 94 

2-93 

3-93 

.46 


.986 

1.49 

2.00 

3-03 

4 - 05 

•47;, 

sH 

1. 02 

1-54 

2. 07 

3. 12 

4. xS 

.48 

5 ^ 

4.05 

I- 59 

2. 13 

3. 22 

4 - 32 

’ -49 


1.08 

1. 64 

2. 20 

3-32 

4 - 45 

•50 

6 

1.11 

1.68 ‘ 

2, 26 

3 - 4 ^ 

i 4 - 58 

•SI 


.1.15 

I- 73 

3' 33 

3 - 52 

4.72 

• 53 

6 ^ 

I. xS 

I. 78 

2.40 

3. 62 

4. 86 

•53 

6 H 

1. 21 

1. 84 

2. 46 

3 - 73 

4.99 

•54 

6 H 

I- 25 

1, 89 

2 - 53 

3-83 

5 - 13 

v-»S 5 

' 6 H 

1. 28 

1. 94 

2. 60 

3-94 

5-27 

t !*56 

6 H 

1.31 

I. 99 

2. 67 

4. 04 

5-42 

•57 

•6tt 

1-35 

2.04 

2. 74 

4 - 15 

5 - 56 

•S8 

6H 

1. 38 

2.09 

2.81 

4.26 

5 - 70 

•59 

7 A 

1.42 

3 - 13 

2. 88 

4-36 

5 - 85 

• 

.60 


I* 45 

2. 20 

2. 96 

4 * 47 

6. 00 

.61 

.63 

1.49 

I. 52 

2. 25 
2.31 

3-03 

3. 10 

4 - 58 
4.69 

6. 14 
6. 29 

•63 

7 A 

1- 56 

2. 36 

3 - 17 

4. 81 

6-44 


78 

X. 60 

2. 42 

3-25 

4.92 

6 . 59 

•65 

7 ti 

1. 63 

2. 47 

3 - 33 

5-03 

6. 75 

.66 

7I1 

1, 67 

53 

3 - 40 

5-15 

6, 90 

.67 


1. 71 

2 - 59 

3- 48 

5.26 

7 < os 

.68 

•69 

8K 

1. 74 
1.78 

2. 64 

2. 70 

3 - 56 

3-63 

5-38 

5-49 

7. 21 
7 - 30 

.70 

•71 

.73 

8^ 

8K 

8H 

1.82 
? 1.86 
1.90 

2. 76 
' 2. 81 

2. 87 

3-71 

3 * 78 

3.86 

5.61 

5-78 

5-85 

7-52 
7.68 
7.84 
8. 00 

•73 


1-93 

2-93 

3 - 94 

5 - 97 

8 17 

•74 

8>fi 

1.97 

2.99 

4. 02 

6. 09 

0. */ 
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TablB n.-Disckarges {in cubic feet per second) through rectangular weir notckes--Con. 


Head. 

z-foot crest. 

i 5 ^foot crest. 

J'foot crest. 

3 -foot crest. 

4 -foot CTest. 

Fut ^ 

1.25 

1. 26 

Incher . 


6.43 

8 . 66 

13. 14 


. 

15M 

15X 

tsH 


17.66 




13- 30 

17.87 

1. 27 

1. 28 




13- 45 

18.07 




13. 61 

18. 28 
18.50 

j. 29 




^ 3 - 77 


15^ 




13- 93 
14.09 
14.24 
14. 40 
14. 56 

18. 71 
18.92 

1. 30 

15W 





# 








19- 13 

A* 




19-34 





19-55 

161V 

16^ 

16A 

im 

14-72 

88 

1.36 




19.77 

19.98 




15. 04 
15.20 

1.38 

1. 39 




20. 20 




20. 42 
20. 64 

r.40 

1. 41 

1.42 
1-43 

1.44 




^ 5 - 3 ^ 

IS- 53 

16H 

I6il 

! 17X 





20 . oO 

1 M T 




15. 69 

T r- fi K 

1 31.30 




16. 02 
16. 19 








1*45 

1. 46 

1.47 

1. 48 

1.49 

I. so 

17M 

17K 

l^ys 

iS 

16.34 
16. 51 
16. 68 
16, 85 

21. 96 
22. 18 










22.63 
22.85 
23. 08 







17. 18 





The discharges through a notch having a crest length of 0.5 foot did not 
follow the same law as those through larger notches. This was probably 
owing to the greater effect of friction in the smaller notch and to the inter- 
ference due to the end-contraction filaments of flow crossing each other 
in the middle of the notch section. The formula 

^ found to give discharge values consistent with the curve plotted from 
Qtperimental data for the 0.5-foot notch. The use of such a notch is 
very limited, and the 90® triangular notch is as accurate and much more 
satisfactory. 

COMPAUSON OP THB FrANCIS FORMULA AND THB NEW FORMULA 

The discharge values obtained for rectangular notches by the Francis 
the new formulas are shown in graphic form in figure 7 and in tabular 
form in Table III. 

27465®-i6 2 
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The curves and Table III show that except for a small range of h 
on the 4-foot notch the discharges computed by the Frands formul 
too small. The actual discharges, however, where the head dM 
exceed one-third of the length of the crest, did not vary much from 
computed by the Francis formula and support the statement of Fra^ 
that his formula would give' discharge values correct to within 2 per 
provided the head does not exceed one-third the length of the * 
Nevertheless the fact that the curves plotted from the experiml^ll 
data have no sudden breaks or changes of direction shows that no limit 
need be placed upon the head, provided the proper formula is used^o 
compute the discharge. It also shows that the necessity of the limit oa 
the application of the Francis formula was due to the mathematical 
shortcoming of the formula and not to any peculiarity inherent in the 
rectangular notch. The new formula not only gives greater accuracy 
within the range of the Francis formula but also permits the accurate 
measurement of discharges with the heads exceeding one-third the length 
of the crest. The maximum limit of the ratio of the head to the crest 
length with the new formula has not been ascertained, the greatest ratio 
experimented with being i to i with the i-foot notch. The parts of all 
the curves showing the discharges with higher heads, however, were 
quite consistent in all cases with the rest of the curves. A head of i foot 
was run over a 0.5-foot notch, but the results were inconclusive, as the 
discharges through the 0.5-foot notch do not follow the general formula. 

The new formula is more complicated than the Francis formula, but 
gives discharge values which are more accurate within the limits of these 
experiments, and since tables are generally consulted to determine the 
flow that is pasring through a notch, the practical disadvantage of the 
new formula is largely overcome. If one is obliged to use a formula k 
the field for computing the discharge, an approximation usually is suffi- 
cient, and the Francis formula gives dischmges sufficiently accurate for 
practice needs. 

SnuiOHT-uim Formula 

As stated on page 1059, it was found, when the experimental data for 
the rectangular notches were plotted log^thmically, that a 
straight-line formula could be deduced which, within the range 0 
experiments, would give dischatge values as dose y 

as did the general formula deduced above. The ygh the 

fines best representing the discharges with the heads thioug 
differtmt notches were found to be as shown m Table i v. 
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Table IV.— /or straight discharges through rectangular 


Laieth crest. 

Equations of line. 

Feet. 

I- 005s 

1. 5026 

2. OOS 7 
2.9970 

4. 0056 

0 = 3 .o 78 L/P -«3 


The coefficient values (Q in the above equations were plotted 
(fig. 8) gainst the lengths of crests (L), and the exponent values 



(w) were plotted (fig, 9) against the lengths of crests (L). Average 
straight lines drawn to represent the points were found to have the 
equations and n=i46-f 0.003L. 

Substituting these values of C and n in the equation Q — CLH^, the 
formula for the discharge through rectangular notches was found to be 

^his formula gives discharge values that agree within a maximum of 
^•7 per cent with the values indicated on the curves plotted from the 
^penmen tal data, but the average variation is only 0.26 per cent- 

Table V gives the discharges through the notches used, computed by 
the curve and by the straight-line formulas, also the values indicated on 
the curves plotted from the experimental data. 





F«. -Com ilMnriM lAtioo ol . to taijU. of 


Straight lines each, however, were required for the 

foot notches, although a third could be 

the curves in each case. For the 4.005^001 no c 

p«»nt of change, and it was weU above th^ddle of m,tei,es 

facts indicate that had large enough heads ^ nm ^d, tie 

to gwe the same ratio of length of crest to head as 
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i-foot notch, an equal number of lines would have been required to cover 
the points. If a single straight line is taken to represent the discharge 
curve, and it is placed to represent best the discharges with the lower 
heads, as was done above, the part of the true discharge curve for the 
higher heads diverges rapidly from the straight line. The curve formula 
takes account of the law of variation of the discharge curves better than 
does the straight-line formula, and, consequently, it appears that it will 
give closer values for the higher heads and for longer notches than those 

experimented with. 

The straight-line equation for the 0.5-foot notch was found to be 

This equation was found to give discharge values within approximately 
I per cent of the values indicated on the curve plotted from the experi- 
tuental data. 

CIPOLLETTI NOTCHES 

VTith notches having side slopes of one horizontal to four vertical, 219 
tests were made. The actual crest lengths used were 0. 50062 foot, i .0050 
feet, 1.5028 feet, 2.0002 feet, 3.001 1 feet, and 4.0058 feet, respectively, 
and these lengths were used throughout the following calculations. 

Derivation of the Formui.a 

The difference between the areas of a Cipolletti and a rectangular notch 
with equal crest length is the area of a 28° 4' (approximately) triangular 
notch — that is, one having one to four side slopes. It was found, however, 
that the discharges through such a notch (see Table X) with a given 
head did not exactly equal the difference between the discharges through 
a rectangular and a Cipolletti notch with equal crest lengths and the 
same head. While the differences between the discharges through the 
Cipolletti and rectangular notches increase with the head for all crest 
lengths, there was no regular increase or decrease in the differences in 
the discharges with increases in the crest lengths so long as the heads 
were less than approximately 0,8 foot, but for higher heads the differences 
in discharges decreased as the crest lengths increased. The comparison 
of the differences is very unreliable for heads as low as 0.2 or 0.3 foot. 
The discharges through the 28° 4^ notch are greater than the differences 
between the discharges of the Cipolletti and rectangular notches for 
all heads up to approximately 2.5 feet, the percentages of excess de- 
creasing with the increases in head and equaling zero with a head of 
approximately 2.5. 

The differences between the discharges through the rectangular and 
Cipolletti notches for each of the crest lengths were detennined from the 
curves plotted from the experimental data and an average made for each 
o.i foot of head. These averages were then plotted logarithmically 
Against the head, and the equation of the curve representing the differ- 
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®y adding the tenn 


ence in discharge was found to be 
.609/P * to the genera! formula for discharges through^r^ 
notches (page 1064), the general formula for discharges throucrii 
notches was found to be ^ 


a= 3.247LH-«-(2:gg^) H^+o.6ogIp.> 


This formula gives discharge values for i-, 2-, 3- and 

notches that agree within 0.5 per cent of the values indicated on the cu 
plotted from the experimental data, except for the lower heads o^r 
i-foot notch, where the maximum discrepancy, owing to the small dif 
charge, is approximately i )4 per cent. The discrepancies are positive b 
some cases and negative in others. (See Table VII for discharge values 
indicated by the curves plotted from the experimental data and discharge 
values computed by the formulas.) ^ 

Table VI gives the discharge values for Cipolletti notches of different 
lengths computed by the new formula. 

Table VI. ^Discharges {in cubic feet per second) though Cipolletti weir notches^ 
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TablS Wl,-Dis€harges {in cubic feet per second) through Cipolkiti weir notches~Con. 



The discharges through the Cipolletti notch, having a nominal crest 
length of 0.5 foot, did not follow the same law as those through the longer 
notches, possibly for the reasons noted on page 1067 for the 0.5 -foot rec- 
tangular notch, and the use of such notches should be discouraged in 
favor of the 90° triangular notch, which measures small discharges more 
accurately. 

The following formula represents the flow through the 0.5-foot Cipol- 
letti notch, but is stated here only for technical reasons : 

e = +g^)>-587H“’ 

Comparison op the CiPOtlBTTi FoRMUtA and the New Formula 

The discharge values computed by the Cipolletti and new formulas 
are shown in graphic form in figure 10 and in tabular form in Table VII. 
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Discharge in cubic fe«t per second. 


oj atscnarges inro-ugn trapezotaal notches -with side slopes of 1:4 competed hy the CipolUtti formula, and by the new formula. 
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The curves and the table show that with heads less than 
the length of the crest the Cipolletti formula gives discharge valu^^ 

1.5 per cent of the actual discharges, therefore bdng 

J.1 t? « more 

the ne^ 


accurate than the Francis formula. The new formula litr 
formula for the rectangular weir, is not only more nearly accurate 
the old formula, but also permits the use of heads greater than one th^ 
the crest length. The maximum limit of the ratio of the head to the 
length was not ascert^ed, but the parts of the curves for the higherl^^ 
are consistent, there bang no suddai breaks or changes of direction 
The new formula is more complicated than the Cipolletti formula h 


because of its greater degree of accuracy it should be used m 


coniputin? 

tables. The Cipolletti formula, however, is sufficiently accurate for field 
computations where only approximate discharge values are required 
Cipolletti notches do not give discharges proportional to the lengths 
of the crest, as has been commonly claimed, and consequently notches 
of this type have no advantages over rectangular notches (seep. 1098). 

FosMutA Baskp on thb SiKAioar-LiNa Pornula for RncTANGunAa Notcebs 


The difference between the discharges computed by the new rectat^i’ 
notch formula and the discharges taken from the curves plotted from the 
experimental data for the Cipolletti notches were determined for each 
o.i foot of head for the several lengths of notches. These values were 
then plotted Ic^rithmically against the heads, and the equation of the 
average straight line rq>rKenting the difference in discharge was found 
to be By suiding the term 0.6//^*" to the general formula 

for discharges through rectangular notches (p. 1071), the general foramla 
for discharges through GpoUetti notches was found to be 


This form ula gives discharge values that agree within a maxifflum d 
I per cent of the values indicated on the curves plotted from the experi 
mental data, but the agreement is within 0.5 per cent for all but a very 


Ti^VIII gives the disdiar^ through the notches 
by the two formtdas deduced for the Cipolletti notch«, and ^ 
charge values indicated on the curves plotted from e 


data. 
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fABtS Wni--Disfarges (m cubic feet per secoMUorCipoim weir notches as shown 
^^%rves plotted from experimental data, and discharges computed by fomul^ on 
pages 1C74 


Eead. 

i.oosoIootnotdi. 

i.Soai 

l^ootn 

otch. 

3 .otx> 3 -foot notch. 

3 .ooii-{oot notch. 

4 .oos 8 -foot notch. 

1 

1 

1 

According to formula 
oa page 1074. 

II 

1 

1 

1 

1 

According to formula 
on page 1074. 

According to formula 
on page 1080. 

•3 

i 

9 

ti 

Oi 

4 

h 

— 0 

0 

ll 

■a tJ 

8® 

u 

< 

<3 

0 " 

5 ^ 

<! 

a 

•3 

3 

8 

1 

a 

d 

L 

s: 

.sS 

Eg 

§ 

< 

|| 

-S a 
"Sg 

r 

d 

d 

*0 

3 

3 

1 

a 

s 

h 

0 

0 

V V 

^ a 

na 

f 

<5 

£ 

0 

2»d 

r 

m - 

0.3W 

a 30s 

0*303 

0*455 

0.450 

0.451 

0.600 

0- 600 

0.607 

0-902 

0.90Q 

0898 

1.206 

1. 20 

I* 199 

.3 

.SS 5 ' 

• .>!63 

•558 

.829 

.83 

.837 

1. 109 

1. 10 ; 

1. 100 

1.647 

1.64 

1.639 

2* 193 

2. 19 

2. 188 

.4 

.S66 

.874 

.866 

1. 380 

1. 38 

1. 37 S 

1.694 

1.69 ' 

1.694 

i »*535 

2. S3 

2* S19 

3-360 

3*36 

3*357 

.5 

1.718 

I. aj 

1.323 

I. 798 

I. So 

1. 791 

2-375 

2-37 

2.370 

i 3 - 530 

1 3 * 53 

3* 515 

4 - 70s 

4 - 70 

4-684 

.6 

t. 677 

1-63 

I. 626 

3. 370 

3-37 

3.369 

3 - MI 

3 - 13 

3- 125 

4.650 

1 4.64 

4.624 

6* 179, 

6.18 

s- 156 

.7' 

3.075 

3.08 

3.077 

3*0041 

3*03 

3-009 

3-953 

3-95 

3 - 958 

5.870 

5*86 1 

5-839 

7-800 

7.78 

7 * 763 

.8 

3* 565 

a*S 7 

3*571 

3. 706 

3-71 

3* 704 

4*845 

4*85 

4-859 

7-185 

7*i8l 

7* 15D 

9 - 537 

9 * 52 

9. 493 

.9 

3. Ill 

311 

3*111 

4.46a 

4*46 

4.458 

5*815 

5-83 

5-831 

8-576 

; 8*59 

8-557 

IJ.392; 

11.38 

11.348 

1.0 

3* fi9S 

3-69 

3*697 

5.361 

5. 36 

5.370 

6-845 

6.86 

6.873' 

la 078 

10.08 

10-057 

13-376' 

13*34 

13* 320 





6. 137 



7* 941 

7 - 96 

7 * 983 


11.68 









7.ote 

7*03 


9. XIO 

9. 13 

9*159 

*3* 359 

[U*36 

13.325 

IS- 42s 

15*43 

15.404 












The differences between the discharges through the 0.5-foot CipoUetti 
notch obtained from the curves plotted from the experimental data and 
the discharges computed by the formula for the 0.5-foot rectangular 
notch were determined and plotted logarithmically against the heads. 
The straight line representing these differences has the equation 
By adding the term 0.56//^*^ to the formula for the dis- 
charge through the 0.5-foot rectangular notch, the formula for the dis- 
charge through a 0.5-foot CipoUetti notch becomes 

NOTCHES WITH SIDE SLOPES OE I TO 3 AND I TO 6 

Experiments were made with notches having crest lengths of 2 feet 
and side slopes of i to 3 and i to 6, respectively. Since notches of only 
one length were used in each set of experiments, no general equations 
were deduced for notches of these types. The discharges obtained in 
the experiments for heads over 0.4 foot are shown graphically in figure 
II* Discharges with heads less than 0.4 foot are approximately the 
same as those given in Tables II and VI. 



IKII 


mm 
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tRIANGUI^AR NOTCHES 

General theoretical formulas have been given for triangular notches 
(7, p. 46; P- ^68), and experiments with a 90=* notch have been made 
by Thomson^ (12, p. 181; 13, p. 154) and Barr.^ in the Port Col- 
lins laboratory 98 teste were made with heads ranging from 0.2 foot to 
r.35 having triangular notches of 120°, 90°, 60°, 30® and 

appro^dmately 28® 4'. The side slopes for the last-named notch are i 
horizontal to 4 vertical, and the tests were made with the idea that they 
might be of use in deriving a formula for discharges through Cipolletti 
notches. 

Derivation or Formulas 

The discharges through the different notches when plotted logarith- 
mically gave strmght lines, as shown in figure 12. The equations for 
these lines were found to be as shown in Table IX. 

TABtE JX.— Equations for straight lines representing discharges through triangular 
notches 


Xotdi 

angle. 

Sloped 

sides, 

horizontal 

vertical. 

Equation of line. 1 

120® 

K 

60® 

K / ! 

28®V<»' 

1-732 , 

1. 000 ! 

• 577 ; 
. 268 
• 2 S 0 

Q==t. 446 IP’*‘^^ 
g=a 6848 H 2 « 7 '> 
^=0.6405//^-“*"* 


“Approximate. 


The discharging streams had a free fall in all the tests except those for 
the 120° notch. The upper portion of the stream over the 120° notch 
adhered to the edge of the notch for a distance of approximately o.i 
foot, the distance bdng quite uniform for all heads. The sides and crest 
of the notch used were of brass one-fourth inch thick, and were dressed 
at an angle of about 45° to a thickness of about one thirty-second inch 
at the edge. As the amount of adherence of nappe for the 120° notch 
depends upon the thickness of the edges of the notch, the use of such a 
notch is impracticable. 

The data for the 120° notch having been excluded, the general formula 
for the discharge through the triangular notches of 28° 4' to 90” was 
found to be 

* /a.5— o.oi95 \ 

Q— (0.0254- 2.462S)HV 

1 derived by Thomscm for the 90* ootch was C-o.josH" =. in which Q is in cubic feet pet 

"^uteandflisinincbes. .. 

Jferr {(mad that 'rtth beads of a to » inches the cwfBdent C in Thomson’s formula (Q-CfT'*) van^ 
^ *3104 to .S99S. Strickland found that Bart’s ooefiadcnt C for any head could be computed from le 

i o-oaB , . . . 

JIbeiniin mches. 
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in which Q is the discharge in cubic feet per ^nd, S is the sloped 
ades, expressed decimally, and H is the head in feet. * 


8888ii8ass ssaa8 

88S8S8iSSia8SiB 

IsEyniaii 

wm 


No experifflent* were made with CTodusiofl 
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of the general formula 


f - above can be extended to 

notches having side slopes of i to 1.4 (109“ approximately) 

rable.X computed by the new general formula, gives the discharges 
through notches of different shapes with heads up to 1 ,25 feet. 


TabiB X.-Diicha,ge, (« mbic/eel per record) fcr hiangub, rei, nekher > 



Head, 

Notdi angle 28" 4 

^ Notch angle 

1 Notch angle 60" 

Notch angle 90’, 

FeO. 

♦ Inches. 



1 



0. 20 

2H 

0, 012 


0. 027 


.21 


< 014 

0. 013 
.015 

0. 046 

.22 

•23 

,34 

2H 

2H 

*016 

.018 

.020 

.017 
. 019 
.021 

.031 

.034 

•038 

•043 

.052 

,058 

,065 

.072 

.35 

.26 

.27 

8 , 

3 H 

.022 
. 024 
.026 

•02$ 

. 02K 

. 028 

.047 

.05a 

.oSo 
. 088 

.28 

.29 

sH 

3 K 

.029 

.031 

.'030 

•033 

•057 

-063 

.068 

.096 

.105 

■“5 



■034 

'O37 

.036 

•039 

.074 

.080 

.125 
. 136 

•32 

lit 

.040 

.042 

.087 

• H 7 

* 33 
‘34 

3 Tt 

4 ^ 

• 04 $ 

.046 

• 04 S 

.049 

.094 
. toi 

■^59 

.171 

•35 

4A 

.049 

.052 

.108 

. 184 

• 3 “ 

4 v 

•053 

.055 

. ri6 


•37 

•38 

•39 

S 

4 l* 

.056 

.0^ 

.064 

.0^ 
.064 
.068 ; 

.124 

•132 

.141 

■ ^97 
.211 
, 23 ^ 

>340 

,40 

,41 

.43 

•43 

■44 

sj 

5 n 

sH 

.068 

! A 073 

.077 

.O&I 

.086 

•073 

' ‘077 

.083 
.087 
.092 

1 . 

. 160 
. 170 
. 280 
.190 

.256 

,272 

. 289 
.306 

<324 

•45 

.46 

SH 

5 K 

.091 

.0^ 

.097 
, 102 

, aor 

. 212 

•343 

• 362 

■47 

.48 

SH 

sH 

. 102 
- 106 

. ro8 
.114 

. 224 
.236 

.382 

•403 

•49 

sK 

. 112 

. 120 

.248 

,424 

•50 

6 

.rrS 

. 126 

. 361 

<445 

• 5 ^ 

6^ 

.123 

.132 

.374 

.46S 

■52 


.129 

.138 

.287 

.491 

•S 3 


• X36 

.145 

.301 

.515 


65^ 

,143 


•315 

•539 

■ss 

* 

6K 

. 148 

‘I59 

•330 

• 5^4 



•iSS 

. j66 

•345 

•590 

5 / 

6rt 

. 163 

•173 

.360 

.617 



,169 

. 181 

•376 

,644 

•S9 

. 176 1 

.188 

•39^ 

.672 


'Computed by the fonnuJa fi«(o,o35+j.-)6jS)// 
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Tabu ^..-Discharges {in cubic feet per second) for triangular weir notckes-Con, 


Hod. 

Notch angle 28*4', 

Notch ancle 30“. 

— 

Notch angle 6 o‘. 

Notch angle 90'. 

Feel. 

1 . 10 

IncJies. , 

13A 

0. 809 

0. 865 

I. 83 


I. n 

13A 

, 827 

.884 

1. 87 

3 - ^5 

1. 12 

1. 13 

1. 14 


•845 

.864 

.882 

.904 

.924 

■944 

r.gi 

I. 96 

2. 00 

3. 2a 
3-30 
3*37 
3>44 

1. 15 


. goi 

.964 

2. 04 


1. 16 

1. 17 

14-rt 

.921 
.940 1 

■985 

I. 01 

2. 09 
« 2. 13 

3-59 
i. 67 

1. 18 


.960 1 

1-03 ! 

2. 18 


L 19 


. 980 

1.05 

2. 22 

\J i J 

3.83 

I. 20 

hH 

1. 00 

I 07 

2 . 27 

3-91 

1.21 

hH 

I. 02 

I. 09 

2. 32 

3. 99 

I. 22 

uH 

I. 04 

r. II 

2 . 3 & 

4.07 

1 . 23 

hH 

I. 06 

1. 14 

1 2.41 

1 4 - 16 

1. 24 ! 

hH 

I. 08 

1. 16 

2. 46 

1 4-24 

1.25 


I. II 

1. 19 

2. 51 

4-33 


Although weirs with triangular notches are well suited to a compara- 
tively wide range of discharges, they are especially well adapted for the 
measurement of small discharges and may be used to measure accu- 
rately quantities so small that they would not pass through trapezoidal 
or rectangular notches without adhering to the crests. The use of weirs 
with triangular notches requires slightly more fall than is required with 
trapezoidal or rectangular notches — that is, a head of 2 feet is required 
to ddiver applroximately 14 cubic feet per second through a 90° triangular 
notch, while the same discharge would be delivered through a 3-foot 
rectangular notch with a head of 1.31 feet, or through a 4-foot rectangu- 
lar notch with a head of 1.07 feet. 

Weirs with 90° notches are simpler in construction than any other 
type of weir and are the most practical type for small or medium-sized 
di^rges. The approximate formula g = 2.49H^-** gives discharge 
values for 90° notdhes, which agree very closely with the values obtained 
with the general formula. 
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Comparison op Nbw Formula and Old Formula 

The discharges for the 90° notch computed by the new and the old 
formulas are compared in Table XI: ^ 


TablR Comparison of nsw formula and old formula 



Dbcfaarge 
cosnputedby 
new lommM 
(cubic feet per 
seoaad). 

Diaebarse computed by old 
fonmila, (2w3.s3H^'s, 

i Head. 

• 

Pisduugeia 
cutuc feet per 
second. 

Percentage of 
discharge com- 
puted by new 
iocinuk. 

Fi«<. 
a 20 

a 046 

0.045 

.158 

97.8 

•33 


99.4 

•50 

-445 

•447 

100. 4 

.67 

.921 

•930 

101, 0 

.85 

1. 66 

1. 69 

loi. 8 

1. 00 

2.49 

3 - S 3 

loi. 6 

1-25 

4-33 

4.42 

102.4 


As no experiments have been made in the past to determine the coeffi- 
cients in general formulas for notches of 28® 4', 30°, or 60*^, no compari- 
son could be made with the (hschaiges through such notches computed 
with the new formula. 

cntccn^ NotcHSS 


Apparently no experiments have ever been made with drcular or semi- 
areular notdies placed in a vertical position with heads less than the 
height of the opening. In order to throw light upon the probable dis- 
charges throi^h such notches and obtain data to use in determining the 
Bow through circular head gates when acting as weirs rather than as 
orifices, 50 tests were made with thin-edged circular notches, 17 benig 
with a notch 0.4995 foot in diameter and 33 with a notch 1.0025 fet i» 
diameter; and 34 ttsts were made with semicircular notches, 15 5 

with a notch 1.5011 feet in diameter and 19- with a notch 1.99^ 
diameter. The discharge daU obtained are shown graphicaUy 

figure 13. 

CONDITIONS OP NOTCH EDGES REQUIRED TO INSURE FREE FLOW 

The impression is coimnon that the *sfch edges are not 

crests,” as^plied to w«r notches, mean knife g ■ upstream 

the edges are sufficiently shaj) or 

comK rf the notch rfgw «s a tbe^^ter will adhere to them 

nos d the notch edges is not so ^ ‘ ^ead that is being 

The alloirable thickness ^ itches having edges 

used. Bxpedmeau made in the laboratory witn n 
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^ jjjcb thick showed that while water would adhere to the notch edges 
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Notches with angles made as precisely as those used in the test w 
not be practicable for field use, and consequently a maximum thicb 
of inch probably would be safer than X inch where heads as low^ 
0,2 foot will be used. While no experiments were made, edges as thi^ 
as X inch probably can be used where the minimum head will be i foot 
The edges of the weir notches must be straight, true, and rigid. These 
conditions are best insured by using angle irons or similar material that 
can be securely fastened to thq bulkheads, as wood edges become splin- 
tered and warped, and thm sheet-metal weir plates buckle arid bead 
easily. Regardless of the material used, the notches will be more 
permanent and reliable if the upstream comers of the notches are made 
definitely angular and the edges are left as thick as possible and still 
permit a free flow. 


DISTANCE FROM NOTCH AT WHICH HEAD SHOtJbD BE MEASURED 

In connection with the experiments with notches of different types, 
measurements were made to determine the transverse and longitudinal 
curves of the water surface upstream from the weirs when different heads 
were being used. These measurements showed that the extent of the 
curves backward from and to the sides of the notches depends upon the 
length of the crest and the head being used. Plots of the data obtained 
show that measurements of head should be made either at a distance of 
at least 4// upstream from the notch or at a distance of at least 2H side- 
wise from the end of the crest of the notch. 

Table XII gives the errors and the percentage of error made in com- 
puting discharges for notches of different shapes and sizes with different 
heads caused by errors of o.oi foot in reading the heads. 


Table Xll. ’^Errors and peruniag* of enof in computed discharges caused hy o.oi-^fool 
orroT in reading the heads 

RBCTAKGUnAR WEIRS 






Flow through Weir Notches 


1091 


^ll,^Errors and percentage of error in computed discharges caused by o.oifooi 
gffOf in reading the Continued 


aPOIvIyETtl WEIRS 





13 - <34 

1 1 

1 i 1 : 

0.90 




.50 

.099 

4- 94 

' ; 1 

i : , i 

.70 

1 . 00 I 

.04 

.06 

3-9 

3*4 

! ■ 

i i ■ . : 

J. 9 S 

.09 

9. 1 

i”' i 

I ! ^ i ! 


EFFECTS OF DIFFERENT END AND BOTTOM CONTRACTIONS UPON 
DISCHARGES 


rectangular and cipoelhtti notches 

To determine the effect of different end and bottom contractions 
upon the discharges through rectangular and Cipolletti notches, 120 
tests were made with i-foot rectangular notches, 72 with 3-foot rectan- 
gular notches, 205 with i-foot Cipolletti notches, and 89 with 3-foot 
Cipolletti notdies. Heads of 0.2 foot, 0.6 foot, and i foot were used with 
each notch. The end contractions (the distances of the sides of the 
weir box from the ends of the crest) and the bottom contraction (the 
distance of the bottom of the weir box below the crest of the notch) 
for each notch were varied from 0.5 foot to 3 feet by increments of 0.5 
foot. The discharges under the different conditions were compared 
^th those obtained with the standard weir box. The small error in t e 
^penmental determinations of the discharges with a 0.2 fwt ea 
caused such large percentages of error in the discharges that t ey 
unreliable and so were not included. # 

Figures 14 and 15 and Tables XIII and XIV show the percentages oi 
increase in discharges and the velocities of approach mth beads 0 a 
foot and I foot under the different conditions of . 

^nations of the curve are all of the general form, e = fl(V^ + ) > 
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is the percent^e of increase in discharge, V is the average 
approach, and o, 6, and n are constants for each size of enoh ^ 
notch. ^ 

TablB Xin.— Velocities of approach (in feet per second) and percenioa^ 
in discharges through r^ngular notches caused by dijfereni end anrf^i 


tiofu 
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^ ^ XlV. --Velocities of approach (in feet per second) and percentages of increase tn 

through Cipolleih notches caused by different bottom and end contractions 
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Figure 16 shows the variation of the percentages of increase in the 
discharges through a i-foot rectangular notch, with heads of 0.6 foot and 
I foot as the ratio of the cross-sectional area of the weir box (A) to the 
area of the war notch (a), decreased with the use of different en. 
and bottom contractions. From these curves it will be seen that chang- 
ing the j)osition of the sides of the weir box and leaving the bottom m a 
fixed position has a greater effect upon the discharges than leaving t le 
sides fixed smd moving the bottom. This indicates that end contractions 
have more effect upon the discharges than do bottom contractions. 
With end contractions equal to 2H and a bottom contraction equa 0 
3 /^, or end contractions equal to 3H and a bottom contraction equal to 
2H, the mean velocities of approach are about one- third foot per seco 
and the disdiarges with medium to high heads do not agree c o^r 
approximately i per cent with the discharges computed by t e orm 
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Xhis indicates that a mean velocity of one-third foot per second is allow- 
ble wbete an error of i per cent in discharge is permissible. 

^ By superimposing upon the similar curves for Cipolletti notches the 
curves showing the effect of different end and bottom contractions upon 
the discharges through rectangular notches, it was found that the end- 
contiaction distances for Cipolletti notches should be taken from about 
the middle point of the side of the notch instead of from the end of the 
crest, in order to make th^ results of the two types of notches comparable. 

Since the minimuffl bottom and end contractions possible without 
increasing the, discharges beyond an allowable limit increase with the 
increase of the head run, weir boxes should be designed so as to give 
discharges within 'the allowable limit when the highest head intended 
to be run over the if^tch is being run. Francis stated (5, p. 72 and 134) : 

In order tliat the end contraction may be complete, the sill and sides of the weir 
must be so far removed from the bottom and lateral sides of the reservoir (weir box) 
that they may produce no more effect upon the discharge than if they were removed 
a distance infinitely great* 

He concludes from his experiments than an end contraction of iH 
and a bottom contraction of^H are the least permissible in order that his 
formula may apply. ' 

Smith (10, p. 120) gave the necessary end contractions as 3H. He 
also suggested (p. 122) that the effect of contraction should not be con- 
fused with the effect of velocity of approach, which is so commonly done 
in taking the term “complete contraction” to include both the effect 
of contraction and the velocity of approach. Cipolletti (3? p- 23-24) 
accepted the results of the Francis experiments for end and bottom 
contractions. He also quotes a rule deduced by Lesbros from results of 
his (Lesbros’s) experiments, that both contractions should be at least 2.7 
times the depth of the nappe. Cipolletti (3), from the experiments of 
Francis (5), deduced the following: (i) When the end contractions 
equal 2H and the bottom contraction 3H, the bottom and side walls ^no 
longer have any appreciable effect upon the discharges through the notch. 
This condition, he states, may cause an increase of about 0.15 per cent 
in the dischai^. (2) With end contractions of 1.5H and a bottom 
contraction of 2.5// the increase in discharge would be about 0.5 per cent. 
(3) With end contractions of iH and a bottom contraction of 2H the 
discharges will be increased about i per cent. He also takes ^count of 
the fact that the velocity of approach must not exceed a certain limit. 

The ratio of the cross-sectional area of the weir box to the cross 
s^tional area of the notch necessary for complete contraction has een 
given by Carpenter (2, p. 29) as 7. The coefficient using this expression 
of ratio was proposed by J. Weisbach in 1845 and has been e a ^ 
by a number of writers and experimenter ( 6 , p. 312). i 

indicates that there is no fixed value of the ratio A to a whic wi 
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complete contraction in all cases, ft also indicates that 

* j. 


' the value of 

^ ./ ' 1 15 probablv 

would come nearer than 7 to meeUng average condiUotis. ^ 


such ratio should be greater than 7 in all cases, and that 15 


effect of suppressing bottom contractions with a 90® Tria 

GULAR NOTCH 


In order to throw more light upon the question of the effect of bottom 
contractions upon discharges through triangul^ notches (9, p. 
experiments were made with a 90^ triangular notch with the floor of 
the weir box at the same level as the vertex of the notch. The wdth of 
the wer box used was 10 feet, bdng the same as that in the standard 
test with complete contractions, but in the standard test the floor was 
about 4>^ feet below the vertex of the notch. The discharges through the 
90® triangular notch with the bottom contraction entirely suppressed 
was found to be represented by the formula 2=2.53H’‘*w, which varies 
but little from Thomson's formula for the flow through a 90° triangular 
notch having complete bottom contractions. It is probable that some 
part of the increas^ discharge obt^ed when the floor was level with the 
vertex of the notch was due to the increased vdodty of approach. The 
increase in the discharges amounted to 1.6 per cent with a head of i foot, 
but gradually diminished as the head was decreased. The percentage 
of increase with heads of 0.3 foot or over is represented by the formula 


relation of lengths of notches to discharges 

The principal advantage claimed in irrigation practice for Cipoiletti 
lotches over other notches has been that the discharges are proportional 
•o the crest lengths. This claim is not in accordance with the hmitation 
put on the notch by Francis and Qpolletti, but has ten very genera y 
made in irrigation practice. The failure of this thMry is shown i 
fable XV i^wMch the discharges through Cipoiletti and rectangu® 

,.foot Ciponeta and a i-foot rectan^r .t 

of feet in kngth of the notches. The proportional to their 

the failore of the larg« notches to ^e 

lengths. It will be seen from the table that iw g ^ 

apolfeta notches. The percent^ oi ^ 

kn^h d the crest until the dischi^e through 

wit? a .-foot bead is 9.^ per Ihrongh a 4 W 

n T-foot notch wit^a times the discharge «!> 

rectangular notch is 4 per cent greats th^ 4 h ^ to ^ are 

a I -foot rectmigular notdi adth ^ teep to give discharges 

tberefota too flat and verrical sides are too steep 
pn-KHriOTal to the length of the crest. 
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For the purpose of throwing light upon what would be the probahiB 
shape of a type of notch the discharges through which, with the 
head, would be proportional to the crest length, the data obtained fo 
the 2-foot rectangular, the 2-foot CipoUetti, and the 2-foot trapezoid^ 
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to 3 and I to 6, it was assumed that similar plottings for such notches 
^ dd lie on the same straight line as those for the rectangular and 
Q^Uetti notches. Lines B pass through the origin and have a slope of 
0 The discharges through a 2 -foot notch with the various heads that 
^oiild fulfill the condition of being twice the discharge through a i-foot 
^otch with the same head must lie on this 45® line. Curves C were 
^btained by plotting the discharges through the 2 -foot notches of dif- 
ferent shapes against the decimal expression of the side slope of the 

^°in^each set of curves the point of intersection with the C curve of a 
vertical line drawn through the point of intersection of lines A and B 
indicates the side slopes which are necessary with a given head in order 
that the discharge through a 2-foot notch shall be twice that through a 
I foot notch. The slopes found expressed as ratios of the horizontal to 
the vertical distance are given in Table XVI and indicate that the sides 
of a 2-foot notch which would give twice the discharges of a similar 
i-foot notch with heads up to i foot at least must be curves and must 
approach the vertical as they go up. 

Table X\l—Side slopes necessary in order that a 2-foot notch discharge twice ike amount 
of water from a I foot notch 


Head. 

Sbpes. 

J^eet. 

I. 0 

I to 18. 5 

•9 

I to 18, 2 

.7 

I to 14. 7 

.6 

I to 12. I 

• S 

ito 6. 5 

•4 

ito 5.25 

. 2 

0 I to 4 ‘ 0 




a Obtained from data for 0.2 head. 


No attempt was made to determine the exact shape of the sides of the 
notch. They would be so complex, however, that their construction 
would render impracticable the use of such notches on the aim. 
Because of the appreciable difference in the effects of contraction ivi 
notches of different sizes, a similar comparison of the discharges t roug 
larger notches with those through a i-foot notch would proba y give 
results different from those obtained for the 2-foot notch. 


SUBMERGED RECTANGULAR AND CIPOLLETTI NOTCHES 

A notch is said to be submerged or “drowned” when the 
on the downstream side is higher than the crest of the not 
“line the effect of submergence upon the discharges 757 ... 

were made with the i-, 2-, 3 -> and 4-foot rectangular and Cipollett 
notches used in the fiee-flow experiments. The conditions on 




1102 


Journal of Agricultural Research 


Vol.V.1 


stream side of the weir were those of the standard weir box-that 
the width of box was lo feet; the depth of the box 6 feet; and the d 
tance of the floor from the crest of the notches about feet, a bX 
head was placed across the escape channel of the standard box, patX', 
to and about sK feet from the plane of the wdr, thus making 'the snm 
box lo feet wide, 5>i feet long, and 4 feet deep, the floor being about 2'/ 
feet below the crest of the notch. The height of the water in the escape 
channel was controlled by a steel h^d gate 20 inches square with a vet- 
tical slide set in the middle of the bulkhead about 0.5 foot above the 
floor, and by a 4-inch gate valve set near one end of the bulkhead, the 
finer regulation being made with this valve. The elevation of the water 
in the escape channel was determined by a hook gauge set in the concrete 
gauge box, which was connected with the escape channel by two i-inch 
pipes which entered near the floor line 3K feet from the plane of the weir. 

Several minutes were required to adjust the flow of the water before 
an experiment was started, but when the desired condition of how had 
been obtained it was maint^ed without difficulty throughout the test, 
except when the head on the upstream side of the weir was high and the 
head on the downstream side was small. Under this condition the large 
volume of water flowing through the notch depressed the water surface 
imm ediately downstream from the notch. This was followed by a 
standing wave, and the resulting backlashing and surging in the escape 
,.l,3nnp1 caused intermittent pulsations in the hook-gauge still box. The 
errors, however, were largely compensating, as is indicated by the con- 
sistent curves obtained from the experimental data. 

The discharges with different heads through the different notches, with 
free flow and with different depths of submergence, were plotted (%a 
18 to 25) with discharges in cubic feet per second as abscissas and the 
heads upstream from the weir (H.) as ordinates. Curv^ were draj 
showing the discharges with different heads upstream from hew 

wdr (Ha) and the head downstream from the weir ( ^)* 

p p- 

lilies for other than even 0.05-foot hea(^ each^set^ submergence 

Km. the free-flow discharge curve is drawn with each set 

OXma. Mptermine the effect upon 

A series of experimeirts ^ made to jo« 

darges d dunging the conditions m the escape 
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T tVtis set d upstream from tiie 

to submergence, in ^ conditions d6^vnstream were clmgd 

^eir was ^ free fall of 0.5 foot to a submergence of o.t 

by stages in the runs ^ j^ge of conditions remained 

The discharges 8 prror — o.s oer cent. 
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gence. For all practical purposes, however, it may be stated 
discharge is not materially affected unless the notch is submet 
Hb is at least one-tenth of Ha^ When Hu is one-eighth of Ba 
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charge is decreased approximately J per cent; when it is 
decreise is approximately 6 pet cent; ^ w “ „t,5es v, 
decrease is approximately 9 pet cent. These p 
what with the head 
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SUMMARY 


The discharges through rectangular and Cipolletti notches when 
w . . -^1 — not give straight lines and therefore can not 


he rep! 


.resented correctly by a formula of the type Q = CLH\ It was 
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(2) The formula 






gives discharge values for i-, 1.5-, 2-, 3-, and 4-foot rectangular notches 
that agree within a maximum of approximately 1.2 per cent and \vithia 
an average of 0.28 per cent with the curves plotted from the experimental 
data. 

(3) The discharges through the 0,5-foot rectangular notch do not fol- 
low the same law as those for the longer notches. The formula 


gives values consistent with the curve plotted from the experimental 
data. 

(4) The Francis formula gives values within approximately 2 per cent 
of the actual discharges, so long as the head does not exceed one-third 
the length of the notch. 

(5) Within the limits of the experiments the formula 

i3-3.o8L' ®« 


gives discharge values for the i-, 1.5-, 2-, 3‘» and 4-foot rectangular 
notches that agree writhin a maximum of 0.7 per cent, and an average 
of 0.26 per cent, writh the values given in the curves plotted from the 
experimental data, 

(6) The formula i.566/r-®^ gives values for the 0.5-foot rectan- 
gular notch that s^ree within i per cent with the curves plotted from the 

experimental data. , 

(7) The curve-Une formula for rectangular notches takes account of 

the law of variation of the discharge curves tetter than the st«#- 

Une formula and, consequently, it appears that it Mill gn 

for higher heads and longer notches than those expenmented ivith. 

(8) The formula 

givM dischwge values for the i-. i Sv 3 v espul- 

L wuhiu o., p" “ " * ;r. -* 

mental data, except in the case -tnaf elv 1 14 

where the maximum divergence is notch do not follow 

(9) The discharges through the 0.5-f ^ fonnula 

the same law as those for longer notches. 

n^^esents the discharges through such a notch. 
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(,0) The Cipolletti fonnula gives discharge values within per cent 
of the actual discharges so long as the head does not exceed one-third 
the length of the crest of the notch. 

(11) The formula 

‘ Q = 3.o8L^‘“W1.4H0.003L) ^ 0 5^2.5^ 

which is based on the straight-line formula for rectangular notches, gives 
di^harge values for the r-, 1.5-, 2-, 3-, and 4-foot Cipolletti notches that 
agree within a maximum of i per cent mth the curves plotted from the 
experimental data, the divergences at all but a few points being 0.5 per 
cent or less. The fonnula for the 0.5-foot notch is 2 = 1.566//^*^^ + 

(12) The Cipolletti type of notch does not give discharges as nearly 
proportional to the length of crest as does the rectangular type, conse- 
quently, since rectangular notches are simpler to construct and the 
formula for such notch gives as accurate discharge values as does the 
fonnula for Cipolletti notches, the rectangular-notch weir is to be 
preferred. 

(13) The general formula for discharges through triangular notches 
of from 28° 4' to 90°, and probably up to 109°, is 

6- (0.025 -f 2.462 

where H is the head in feet and 5 the slope of the sides. Triangular 
notches having side slopes greater than about i to 4 (109®) are impracti- 
cal, as the nappe adheres. 

(14) The 90° triangular notch is the most practical triangular notch 

and should be used in preference to either rectangular or Cipolletti 
notches for discharges up to approximately 3 cubic feet per second. The 
approximate formula Q — will give discharge values for 90® 

notches which agree very closely with the value obtained with the general 
formula for triangular notches. 

(15) The crest and sides of a weir notch need not be knife’Cdg<^. 
They are sufficiently sharp if the upstream corner of the edges is a dis- 
tinct angle of 90° or less and the thickness of the edges is not so great 
that the water will adhere to them. 

(16) The head should be measured upstream from the weir a distance 

of at least 4H, or sidewise from the end of the crest in the plane of weir 
a distance of at least 2H. . 

(17) The distances required for full contractions with rectangular and 
Cipolletti notches are approximately 2H, but an additional cross- 
sectional area of the weir box is required to reduce the velocity of approach. 

(18) With end contractions equal to 2H and a bottom contraction 
equal to 3H, or end contractions equal to 3^^ and a bottom contrac- 
rion equal to 2ff, the mean velocities of approach are a ou 3 0 
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per second, and the discharges with medium to high heads do 
more closely than approximately i per cent with the dia-i, 
puted by the formulas. 

(19) The average ratio of the cr(KS-sectional area of the weir bn 

to the cross-sectional area of the notch (a) required to give di»h* 
within I per cent of the values obtained with the formula is “ 

7 and is probably near 1 5. ^ ® 

(20) In order to make the results comparable with those for rectau 

lar notches, the end contractions for trapezoidal notches should^ 
measured from about' the middle point of the side of the notch 
than from the end of the crest. ’ ^ 

(21) A notch which would give discharges proportional to the lengths 

of the notches would probably have curved sides, the slope decre^inr 
with the head- ^ 

(22) For all practical purposes, discharges through rectangular and 
Cipolletti notches are not affected until the notch is submerged to a 
depth equal to one-tenth the head upstream from the weir. Submergence 
equal to one-eighth the head upstream from the notch decreases the 
discharge approximately 2 per cent, that equal to one-fourth approxi- 
mately 6 per cent, and that equal to one-third approximately 9 per cent, 

LITERATURE aTED 

(1) Barf, Jamw. 

191a Experiments upon the flow of water over triangular notches. In Engi- 
neering [London], v. 89. no. 2310. p, 43$'-437i 4fig; no. 2311, p. 473. 

(2) CARPBNTaR, L. G. 

1911. On the measurement and division of water. Colo. Agr. Exp. Sta. Bui. 
150. 42 p.> Ulus. 

(3) Crpotum, Cesare. 

18S6. Canale Villoreri. KUan. 

(4) CoNR, V. M. 

1913. Hydraulic laboratory for irrigation inve^igations, Fort Collins, Colo, h 
^gin. News. v. 70, x». X4. p* 662-665, $ fig. 

(5) FitAKas, J. B. 

1909. Lowell Hydraulic Experiments, ed. 5. 286 p., 23 pi. 

(6) FoKscHHSmaR, PhilUpp. 

J914- Hydiaulik. 566 p., Ubles and diagr. Ldpzig: Berlin. 

{7) Horton, R. E. . ^ ^ 1 

J907. Weir experiments, coeflidents, and formulas. U. S. • ' 

Watei-Supply and Irrig. Paper 200 (Rev. of 150). 19s P-. U & ' 3 P 

(9) CooUolof Water «a Applied to 

Supply Purposes. 1055?.. a73«g-. 7 lodiagr. New vor 

(10) Smjih, Hamdton. jr. Y ^ Eoiidcm. 

1886. HydfwOicsi ... 36a p.. dlus.. 17 P^* New vorK. 

(11) STWaDUKD, T. P. . f gter over triaagulaf 

,9ro. Mr. ]«».. Ban's experiu^.^ the of w t 

notches. l» En^neering [London), v. 90. »>• > 339 - v 



Flm through Weir Notches 


/jj) 'Thomson, James. 

' 1859. On experiments on the measurement of water by triangular notches in 

weir boards. In Rpt. 25 th Meeting Brit. Asiic. Adv. Sci. i8q8 n. 
181-185. 


1862. On experiments on the gating of water by triangular notches. In Rpt. 
31st Meeting Brit. A^c. Adv. Sci. r86i, p. 151-158, 2 fig. 




IDENTITY OF ERIOSOMA PYRI 
By A. C. Baker, 

EnlQtnological Assisiaiti, Deciduous Fruii Insect Investigations, Bureau of Enionology 

This paper has been written in order to reinstate the woolly aphis 
described by Fitch from apple {Malus spp,) roots, to point out hs dis- 
tinctness from the woolly apple aphis {Eriosoma lanigerum Hausmann), 
with which it has been confused, and to place it among the species of the 
genus to which it properly belongs. 

In 1851 Fitch ^ described a woolly aphis under the name ''Eriosoma 
pyri:' At the same time he described the work of what seems to be 
E. lamgerum Hausmann on apple. At the time of his original description 
Fitch evidently did not know of the genus Pemphigus. This is indicated 
from his remarks in his first report, ^ for in the description in this publi- 
cation he is quite positive in placing his species in that genus. The 
description of the wingless forms agrees well, however, with lanigerum. 

The identity of pyri has for many years been in doubt, and the name 
has been referred to different species as a synonym. The writer,^ in his 
recent work on the woolly aphis, considered it to be lanigerum. This was 
based on two things: The description of the wingless forms, with the pos- 
sibility of abnormality in the winged form, and Gillette’s^ statement in 
regard to the type. One fact, however, seems evident. The descrip- 
tions given by Fitch for his winged forms could not have been made from 
normal migrants of lamgerum. In fact, they could not have been made 
from winged forms of lanigerum at all. This is particularly true of the 
description in the first report. 

Fitch’s original notes on the species are now in the writer's hands, and 
they throw some interesting light on the question. After describing the 
wings minutely, Fitch says: "The wings serve best to distinguish this 
species, and an exact figure of one or both of them will be the best illus- 
tration of it that can be given,” and again, "Neuralion of the wings 
identical with that of Myzoxylus imbricator.’' By 1871 Fitch had some 
feeling that his Pyri might be a synonym of lanigerum, for in his notebook, 
under October 1 1 of that year, he suggests such a possibility. He adds, 
% winged lanigera from Dr. Signoret is a Pemphigus, the 3rd vein 
simple, but not so abortive at its base, and has all the veins 
slender.” 

Fitch, Asa. Catalogue 'with references and descriptions of the insects collected and arranged for the 
j Cabinet of Natural History. In 4th Ann. Rpt. [N. Y.J State Cab. Nat. Hist., p. 68, 1851- 

[Report CHI the Noxious and Other Insects of the State of New York.] p* 7 - tn Trans. N. Y. 
j ^ P- 7 ' Albany. N. Y 1856- 

* woolly apple aphis. U. S. Bept, Agr. OfBce Sec. Kept. :oi , p. 13- 

^Ifette, C. P , Pbot louse notes, family Aphididae. Jour. Econ. Ent., v. a, no, s, p- 35 J* tsW' 

^ Agricultural Research. 

^ Agriculture. Washington. D. C. 

(“15) 
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This much remains ; Fitch was not sure that he was not dealing with 
compound species in his apple-root form and his winged forms, Thisj^s 
shown by the following note; "Amyot describes Eriosoma lanigenm^ 
producing excrescences. Can these small lice he that species, and the 
winged ones another species accidentally present with them?" 

What Fitch suspected is, the writer beUeves, true, and Fitch described 
the winged form of one spedes and the work of wingless lanigerum. 

In the United States National Museum collection there is some material 
labeled ‘'P. pyri Fitch, Type,” and mounted by Pergande from the Fitch 
collection. This proves to agree in every detail with the difierent descrip- 
tions of the winged forms given by Fitch. There seems good reason to 
believe that the material represents the spedmens from which Fitch 
drew up his diagnosis. This is strengthened by the fact that the species 
occurs in the vidnity of Washington, D. C., and Vienna, Va., upon apple 
and upon pear {Pyrus spp.) roots. It is particularly common upon peat 
roots, and it occurs also upon Crataegus spp. and ash {Fraxinus spp,). 

Sirice this material seems to settle finally the standing of pyri, a descrip- 
tion is here given of the form based upon this material and upon other 
specimens collected mostly from pear roots. The form proves to belong 
t^the genus Prodphilus, and in order to separate it from other species of 
the genus descriptive notes and figures are given of the other species 
kno^ to the writer. Particular stress is laid in these notes on the dorsal 
wax plates of the thorax, since these seem to prove good diagnostic 


writer has never seen specimens of ProciphUus craiaegi Tullgren, 
and it may be possible that pyri and crataegi are the ^me, since the 
sensory ch^ters are similar. There seems, however to be “us'derab 
difference in measurements. The question as to their d'sUncto 

sm.ll, pomtrf n... fcl— ' *• 


pndfUln* Fpi (F‘«h) characters: Antennal segments as M- 

Tea nrignuit (fig. £. IV, o.asa mm.; V, 

lo„; 1,0.0641-®.; n, 0.096 to VI With transverse season . 

m.agl»rle<J#pi»~>“. uid segment VI with 3 to* ^ 

,eg«e«t V with 

•ft 00 the imdciiide two oval or almost circu 

dtJMted on tubercle*. of rethet small, somewhatman^ Hisdtibis 










^’■'Stnictaral characters of the species of Prociphilus. A. P-bumvlae: Distal sejiacats of antrana of 
mimnt. B, P. posckmeri: Distal segments of antenna of spring migrant. C, P. rcno/urcui: 
IlJStftl segments of antenna of spring migiant. D, P- xenafuscus: Distal segments of antenna a 
"MSiaat, E. p, pyri: Distal segments of antenna of fall migrant. F. P. xyi^stei: Distal segments of 
“temad spring uagrxnt G. P.populiamdupli folks: Distal segments of antenna H,P, cmaian,. 
segments <rf anteama of spring migrant. /, F. cerrugaians: Distal segments of antenna of spring 

/.P,o/«r>lrfwe; Distal segments of antenna. K, F, Distal segmients of ^term. 

F. iwmidae; Tbotide wax plates, M, P. Posching^i: Thoracic wax plates, N, ™ 

^ Plates. 0, P.iww/ttfcw; Thoracic wax plates. P, P. cmvgaUins: Th<^acic >rt,!?ldctai 

Plates. E,P.nfni/ofi«: Thoracic wax plates, S, P. PoPuliCondwPhfdiUJ. rhmcic^^ 

T, P, UstttUmis; Thoracic wax plates. j 



, R esea 

^ ’*** black 

abdomen duH oHve gieea with darker green maginal Dat<*« ’ T‘ 
InhM » wH sternfit nIaM hWk nn*** < , ^ on the 


Pi^thorax 


‘'“bybofdtm. 


v«wep gicoi maijiaal patches 

Tlmdc febcs and stenuU plate black. W% veins dark, with 

tbccDtireii^afteaiJimofle^ Sead and tbojwc frith Ibh 

abdomen with a bmg cottony secnetka, moat pnmowaced caudad. 

PiodphUoa icerla (Mooell). 

Specimens of this species have a pair of laiige circular wax plates upon th 
and the dorsal wax plates of the thorax are of the same size and shape as 

wK^iucar Patch, lliesensoriaonthe third segment of the antenn® are oval in 

some almost circular. They are thus not typical for the genus, but approach tw 
of amncius Osborn and Sirrine for which Dr. E. M. Patch, of the Maine Experiment 
Station, has erected the genus Neoprociphiltjs. There seems to be, however, a 
gradual gradation from the type to this sp^es, ^g also suggests that of c«en- 
naiust and there ts some doubt in the writer’s mind in regard to the disunctness of 
Neopiociphilus. The measurements of antennal segments ore as follow’s; in, 0.416 
mm.; IV, 0.256 mm.; V, 0.24 mm.; VI, base 0.272 mm., unguis 0.048 mm. 

Prodphttua tlnifoUae (Williams) (^. i, J, RY 
AlnifoUoB is a ^)ecics of medium size with rather short antenn®. The sensoria do 
not, as a rule, extend entirely across the segments, and they are often acute at each 
end, thus touching the margins of the segments as a jwint. The dorsal wax plates of 
the thorax are quite similar to those of corragatans, being small and oval. 

Prodptdhia bamulae (Schrank) (hg. x, A, L). 

This species is very large and the sexxsoria of the antenn® are even and do not usually 
extend beyond the margins <rf the segment. The dorsal wax plates of the thorax are 
large and trmngular and rituated dose together. In some specimens they almost touch 
aknur the median line. The measurements of antennal segments are as follows: III, 
i^mm.; IV, 0.32 mm,; V,o.32mm.; VI.haseo.a88mm..unguiso.o64min. 

Prochihihia comiiatuis (Sirrine) (fig. I, f. 

is a rather small spedes with regular sensoria present on the ante™ d 
the string migrant, but with them irregularly arranged on Uie antennae of the M 
"T-STw wa* plates of the thorax are small and oval m oufe 
^SSi^of the mtteimal segment, aret III, 0.3s ntm.; IV, 0..44 mm.; V, o .,6 

nun.; VI. base o.ia8 mm., unguis 0.03a mm. 

PnKtaUhw (Eang). 

^^[ijpecies appears to be 4 syrionym of 

Pige^UhlS fanbricator (Pitch). ^ __ «_,_H The sensoria of the antenn* m 

This weB-known The dotsal wax plates of the 

nrther large, We mwsurements of antennal segments are as 

thorax arattndl ami wdlaqwr^ * 0176 mm.; VI, base 0.1920101.- unguis 

fclknw: III,o.36«mm.; IV, 0.176mm.. V, 0.176 m®.. 

0.04b mm. 

p,,,ttaWlM|Ofoa««a«pn^ (Uowen) (% t . , sensoria extend past the 

»P«d« « ehmact^-c « on the mar^ 

«^ve being minute and 

are as fdio^_- HI, 0.4 mm.; 

mm, : VI, base o.so8 nun.. O'* of the geo“^ 

•'rnr^t'SUo A«« b»ot sufficient 

(aiktt., uBd yet Bi* iuieeta UK T«y «*»' 



^^^y of^soma pyri 

Koc^iiliB poschlngeri (Holiner) (fig, j, 5 „ 

Haced ns^ as a ^nym of 

specimens stow same differences. The insects are “ ? ® «P«ented by o„r 


^ • i - — insects 

tea/ w* p/ates of tie thorax are not taWuiar ans a, »™ tt« 

Umvbe, but are considerably separated and oval • as arc tbose 01 

afttennal segments: III, 0.496 mm, ; ly, o.2i6 mm ■ 1; ^^^mments o[ 

aun., tmgUK 0.048 mm.' '' yj 

prociphilus tcssellatus (Fitch) (fig. ^ 2’) 

Tie antemne of tetre/foto arc hadly ’typical for this 


'‘ISC o.;»24 


however, to fit here as well as anywhere. 


The species seems. 


” The SCiL'iOni} nn fU iil*CniS, 

for the genus and the shape of the segments is not Ivnirai 
«, however, quite normal. They are somewhat tri-n™.! • ‘T '•® 
what smaller than those of vemfusem ^ some- 

small hair. Measurements of itennal ^ 

V, 0,171 mm.; VI, base o.r,; mm., unguis '"™-' ''' 


- ---^ ){^%.i,C,D, 0 ). 

The fonn described by Dr. Pateh^ i<! rr,^c4. * ■ , 

ante- charact^^ are ^ery sS^^ J 

ithrmtnoted kthose of Late. 7a 

fucus, triangular like those, of bumuliu 'ftev are^ hn 
Measurements of antennal segments: III 0 t6 L ’ IV 0 ss v ^ 

VI, base o.aa4 mm., unguis c.c« mm. ' 

Prociphilus xylostei (De Geer) (fig, i, f 

“aratiou. The number yancs som ewhat in different individuals. 

‘Mch. Edith M. AphidKst.0fM.be. /» Maine Agr, E„. Su, e„|. pTiTTI 
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